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Purpose: To evaluate the role of factors that may affect the level of plasma ascorbic acid (AA), including
age, body weight, physical activity, minor illness and the impact of prior depletion and repletion.

Methods: After one month of stabilization on 60 mg vitamin C/day, subjects underwent two complete
depletion-repletion cycles (one cycle5one month of vitamin C depletion with nine mg/day, followed by one
month of repletion with 117 mg per day). Subjects (68 men, ages 30 to 59 years) did not smoke or drink alcohol
during the study. All food was provided by the study.

Results:There was extreme individual variability in the plasma AA level achieved on an identical repletion
dose: after four weeks at 117 mg/day of vitamin C, AA ranged from 26.8mmol/L to 85.8mmol/L. Body weight
was inversely associated with plasma AA attained (p,0.0001). Regression analysis indicated that, compared to
a 130-lb man, a 200-lb man reached 10mmol/L lower AA after the first repletion and 18mmol/L lower AA after
the second repletion. One-third of the subjects did not reach a plasma plateau after the first repletion. Prior
depletion and apparent repletion also had a major impact, and only 10% of subjects reached the same plasma AA
on the second repletion as on the first repletion.

Conclusions:Plasma AA attained on a given dose depends on body weight (or dose per kg of body weight)
and on whether or not any prior depletions had been repleted adequately. The results have implications for
nutrition recommendations and research design.

INTRODUCTION

The National Cancer Institute, in collaboration with the U.S.
Department of Agriculture, undertook an investigation of sev-
eral aspects of ascorbic acid (AA) metabolism. These included
the role of different food sources on plasma ascorbate (reported
elsewhere [1]), and the effect of depletion and repletion on
blood pressure [2]. In this paper we report data on factors that
may affect plasma AA level, including dose, age, body weight,
physical activity, stress and having undergone a prior depletion
and repletion.

A number of investigators have examined vitamin C re-
quirements by feeding subjects ascorbic acid-deficient diets

and then feeding varying amounts of vitamin C. Observations
in these studies pertained to the point at which deficiency
symptoms were seen and the amount of vitamin C that caused
the regression of those symptoms [3–9] or to the plasma plateau
achieved on a given dose [10]. The largest of these studies
included only 11 subjects. One study [8] included a partial
second depletion-repletion cycle, and in that study the second
repletion was for only one week, with nine subjects on two
different doses. All of these studies found substantial variability
in plasma level attained on any given dose, but had an insuf-
ficient number of subjects to investigate the extent or sources of
individual variability in dose response. The only previous
depletion-repletion study to include a substantial number of
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subjects was that of Blanchardet al. [11], who depleted 29
young and 29 elderly subjects and then repleted them with 500
mg/day.

The study reported here, with 68 subjects, provides more
data on and quantification of sources of individual variability in
plasma levels attained on nonpharmacologic doses of vitamin
C. In addition, inclusion of a second complete depletion-reple-
tion cycle provides the opportunity to examine whether con-
clusions about dose response that might be reached after a
single depletion and repletion would be different after a second
depletion-repletion cycle.

METHODS

Study Design.One month of stabilization on approximately
60 mg of vitamin C per day was followed by two complete
depletion-repletion cycles of two months each (Table 1). Dur-
ing each one-month depletion, subjects consumed a controlled
diet providing only nine mg/day of vitamin C. Each one-month
repletion period provided approximately 117 mg/day of vita-
min C. Subjects did not smoke, drink alcohol or take aspirin
during the study, consumed only food and drink provided, and
weight gain or loss was prevented by weekly adjustment of
caloric intake. The study was approved by the Human Subjects
Review Committees of the National Cancer Institute, the U.S.
Department of Agriculture and the Georgetown University
School of Medicine.

For repletion, subjects were randomized to one of three
sources of vitamin C (an additional 108 mg of vitamin C, from
either supplement, fruit or vegetables). Analyses of the effects
of vitamin C source during repletion on plasma ascorbate levels
are described elsewhere [1] and are not the focus of the present
paper.

Rational for Dosage Amounts.The purpose of the study
was to study the effects of physical factors and of different food
sources on blood levels attained withdietary levels of vitamin
C. Average vitamin C intake in the U.S. is typically in the 100
to 120 mg/day range. Since one of the factors we wanted to
investigate was whether vitamin C obtained from a supplement

produced the same blood level as the same amount obtained
from fruit or vegetables, we first sought a commercial vitamin
C supplement that provided 100 mg. After assaying several
commercially available tablets of nominally 100 mg, we found
one that was close to that amount and provided 108 mg (others
were higher). This 108 mg, added to the depletion diet provid-
ing nine mg/day, resulted in a target daily amount of 117
mg/day for the Supplement Group. Diets in the Fruit and
Vegetables Groups thus were also designed to provide a total
daily dose of 117 mg/day during repletion.

Subjects.Participation was limited to healthy men 30 to 59
years of age, who had not smoked for at least six months.
Subjects were recruited from the greater Beltsville, Maryland,
area through advertisements in newspapers and local places of
employment. Seventy-one volunteers enrolled, and 68 com-
pleted the entire study.

Diets. Subjects were fed a 14-day rotating menu composed
of foods common in the U.S. diet, providing approximately
50% of energy from carbohydrate and 36% from fat [1]. Sub-
jects were weighed weekly, and energy intake was adjusted to
prevent weight change during the study. On weekdays, subjects
consumed breakfasts and dinners at the study facility. Lunches
and snacks were provided as bag lunches; weekend meals were
provided, frozen and packed in coolers, and consisted of the
same types of hot meals which were provided on weekdays.
This type of controlled-diet study is identical to the approach
used by the Dietary Approaches to Stop Hypertension (DASH)
study sponsored by the National Heart, Lung and Blood Insti-
tute [12].

During the depletion periods, the menus were nutritionally
adequate except for vitamin C. During repletion, subjects ran-
domized to the Supplement Group ate the same depletion diet,
with vitamin C added back in pill form. In the Vegetable or
Fruit Groups, foods containing vitamin C were added to the
depletion diet. The AA content of the repletion foods was
analyzed twice weekly by HPLC, and the amount fed was
adjusted to maintain a constant AA intake over the repletion
periods and in all study groups.

Compliance. Subjects were required to consume all food
provided and were closely monitored by study staff during

Table 1. Study Design, Duration and Dose for Each Study Period and Plasma AA Levels Attained at Each Time Point

Study Week Vitamin C Dose Plasma AA (mmol/L) (SD)

Week23 (Start of stabilization) 45.3 (16.5)
Weeks23 to 1: 60 mg/day

Week 1 (Start of 1st depletion) 39.8 (10.3)
Weeks 1 to 5: 9 mg/day

Week 5 (end of 1st depletion) 12.2 (3.1)
Weeks 5 to 9: 117 mg/day

Week 9 (end of 1st repletion) 59.1 (11.5)
Weeks 9 to 13: 9 mg/day

Week 13 (end of 2nd depletion) 13.4 (2.4)
Weeks 13 to 17: 117 mg/day

Week 17 (end of 2nd repletion) 48.6 (13.6)
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meals; any uneaten lunch or weekend food was returned and
weighed. Calculations at the end of the study indicated that
uneaten food was negligible and had no effect on average
vitamin C intake. A daily checklist report of protocol violations
and a final, post-reimbursement anonymous questionnaire re-
vealed that reported dietary omissions or commissions were
minor and had no effect on average energy, vitamin C or other
nutrient intake. These monitoring procedures indicated excel-
lent compliance with the dietary regimen. These compliance
measures and conclusions are similar to those reported by the
DASH study [12], which used a comparable feeding study
design.

Data Collection. Information was obtained at baseline
about usual diet, physical activity, prior smoking history and
current passive smoke exposure, stress and demographic char-
acteristics. The relationship between plasma nutrient values at
baseline and questionnaire nutrient estimates has been reported
elsewhere [13,14]. During the controlled diet portion of the
study, an event checklist was completed by the subjects daily,
on which they indicated whether they had been sick, taken
medications, engaged in physical exercise or experienced en-
vironmental or social stress. Subjects were weighed weekly.
Body mass index (weight/height2) was calculated, and fat mass
and lean mass were measured by bioelectric impedance.

The factors obtained from the daily checklist (sickness,
medication use, operation or dental work, exposure to environ-
mental stress, experience of social/psychological stress, vigor-
ous physical activity that day) were tallied and a score obtained
for each study period. For example, a separate score was
calculated for number of days of vigorous physical activity
during each depletion and each repletion period. These derived
variables were then examined as covariates in multiple regres-
sion analyses.

Plasma Analyses.Venous blood was obtained from fasting
subjects, at approximately the same time of day, prior to
breakfast. It was obtained at baseline, biweekly during the
depletion periods and weekly during the repletion periods.
Blood was collected in vacutainers containing EDTA, iced and
centrifuged within 30 minutes. Plasma was stabilized with
freshly prepared 10% meta-phosphoric acid, vortexed, stored at
270°C and analyzed within 10 days of collection. Plasma
ascorbic acid concentration was determined spectrophotometri-
cally using 2,4-dinitrophenylhydrazine [15], which has been
shown to correlate highly with HPLC methods [16–19]. Ascor-
bic acid is presented here in mg/dL as well as inmmol/L, for
comparison with earlier data.

Statistical Analyses.Statistical analyses were conducted
using SAS and includedt tests and multiple regression analy-
ses, with significance at p,0.05. For some analyses, a measure
of integrated tissue exposure to AA over a time period was
estimated for each individual as the sum of the plasma concen-
trations at each week of repletion. We refer to this as “area
under the plasma repletion curve.”

RESULTS

Study participants consisted of 57 white subjects (including
four Hispanics), eight African-American and three Asian sub-
jects. Average age of subjects was 40.6 years (range 30 to 59
years) and average weight was 80.9 kg (178 lbs), range 59 kg
to 101 kg. The values, determinants and correlates of plasma
AA response in each study period are examined in detail below,
for the controlled-diet phase of the study, Weeks 1 to 17.

Depletion on Nine mg/Day

Plasma AA fell from a mean of 39.8mmol/L (0.70 mg/dL)
at the beginning of depletion to a mean of 12.2mmol/L (0.21
mg/dL) after one month on nine mg/day during the first deple-
tion cycle and to 13.4mmol/L (0.24 mg/dL) during the second
cycle (Table 1). It was not our intention to reduce subjects to
scorbutic levels, and no symptoms of scurvy were observed.

There was considerable variability in the AA level to which
subjects fell on the depletion dose, with individual respondent
values ranging from 13.6 to 29mmol/L (0.24 to 0.51 mg/dL).
The plasma AA value at the beginning of depletion was posi-
tively associated with the level reached on depletion (r50.52).
Excluding initial plasma AA level, total body weight was
highly significant and a slightly stronger predictor of the extent
of the fall in AA than was lean body mass. In multiple regres-
sion analysis, no other factors affected the extent of the fall in
AA on depletion, including age, BMI, reported physical activ-
ity or use of vitamin supplements prior to the start of the study.

Repletion on 117 mg/Day

At the end of the Cycle 1 repletion, mean plasma AA
reached 59.1mmol/L (1.04 mg/dL); after the Cycle 2 repletion,
mean plasma AA reached only 48.6mmol/L (0.86 mg/dL).
Both mean AA at the end of repletion and area under the
repletion curve were significantly different between Cycle 1
and Cycle 2 as evaluated by pairedt tests (p,0.0001) (data not
shown). In Cycle 2 only 10% of subjects equaled or exceeded
the plasma AA levels they reached on the first repletion.

The vitamin C dose per kg of body weight was strongly
associated with extent of repletion as measured by total area
under the repletion curve (AUC) (Fig. 1). This association
(r50.66) was stronger than that between dose per kg of lean
body mass and AUC (r50.57) or that between dose per kg of
body weight and AA reached at the end of the first repletion
(r50.42) (data not shown).

To investigate factors associated with extent of repletion,
individuals were ranked into quartiles (Q15low, Q45high) by
total area under the repletion curve (AUC). Characteristics of
the sample by quartile of AUC in Cycle 1 are shown in Table
2. Those subjects with the greatest repletion (Q4) were younger
and considerably lighter than those with the least repletion
(trend p,0.0001). Body weight was 71.0 kg (156 lbs) in the
high-repleting group, compared with 88.3 kg (194 lbs) in the
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low-repleting group. These same relationships between weight
and plasma repletion were seen in the second repletion cycle as
well (data not shown).

Factors affecting repletion were next examined in multiple
regression analysis with area under the curve as the outcome
variable. Plasma AA at the beginning of repletion (i.e., at the

end of the depletion period) was a significant predictor in both
cycles, as was intake per kg of body weight. There was no
significant effect of age, over the age range in this study (30 to
59 years). The major treatment groups (Supplement, Fruit,
Vegetable) were not significant factors (although some differ-
ences among subgroups were seen and are reported elsewhere

Fig. 1. Plot of relationship between vitamin C dose per kg of total body weight and area under the repletion curve, first repletion cycle, n568 men,
r50.66. Association of dose per kg of lean body mass with AUC is lower, r50.57.

Table 2. Characteristics of Subjects, Overall and by Quartile of Area under the Plasma Repletion Curve (AUC)1,
Depletion/Repletion Cycle 1

All
Subjects

Quartile of Area Under the Repletion Curve
Significance of

trend (p)AUC Quartile
1 (Low)

AUC Quartile
2

AUC Quartile
3

AUC Quartile
4 (High)

Number 68 17 17 17 17
Mean AUC (mmol/L) 130.8 84.0 120.6 145.9 172.6 ,0.0001
(SEM) (4.4) (5.2) (2.6) (1.3) (4.0)
Age (year) 40.6 42.5 43.9 38.4 37.6 0.02
(SEM) (1.0) (2.1) (2.1) (1.8) (1.4)
Weight (kg) 80.9 88.3 84.4 79.7 71.0 ,0.0001
(SEM) (1.3) (1.7) (2.5) (2.0) (2.5)
Lean body mass (kg) 65.6 68.9 67.3 66.1 59.9 ,0.0001
(SEM) (0.8) (1.0) (1.7) (1.5) (1.6)
Plasma AA at start of repletion (mmol/L) 12.2 10.7 11.4 12.8 14.0 ,0.0004
(SEM) (0.4) (0.6) (0.7) (0.6) (0.8)

1 Area under the repletion curve during the four repletion weeks of Cycle 1 was divided into quartiles.
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[1]). Other variables, including energy intake, exercise, sick
days, stress, medications, passive smoke exposure (all poten-
tially related to increased catabolism), uric acid at baseline and
consumption of caffeinated beverages (potentially related to
urine losses) were examined and did not contribute to the
explanation of differences in plasma AA levels. The final
regression models for the two repletion phases were as follows:

Area1 5 2 61.11 3.3*AA5 1 99.2*dosekg, R2 5 0.45,

Area2 5 2 168.51 7.6*AA13 1 95.7*dosekg, R2 5 0.55,

where Area1 and Area2 are the areas under the plasma AA
repletion curve for Cycles 1 and 2, respectively; AA5 and AA13

are the plasma AA values at Weeks 5 and 13, the beginning of
each repletion cycle; and dosekg is the vitamin C intake per kg
of body weight. In both cycles, intake per kg of body weight
was significant at p,0.0001. When body weight is substituted
for intake per kg of body weight in the above models, a
negative coefficient but an essentially identical R2 is achieved,
as would be expected, since they are simply the same variable
(body weight) multiplied by a constant (117 mg/day). In the
context of a study such as this, in which vitamin C intake was
the same among all subjects, body weight may be interpreted as
an effect modifier of the relationship between intake and re-
sulting plasma repletion.

Based on these regression models, estimated plasma levels
that would be attained after various time intervals in persons
with various body weights and depletion histories were calcu-
lated (Table 3). After two weeks of 117 mg vitamin C per day,
the 59 kg (130-lb) subject will have achieved a plasma AA
value of 60.8mmol/L (1.07 mg/dL), while the 91 kg (200-lb)
subject will have achieved only 36.4mmol/L (0.64 mg/dL).

Table 3 also indicates that the plasma AA value attainable at a
given dose is not only a function of the dose and body weight
(or dose per kg of body weight), but also a function of the
pre-existing depletion experience and presumably, therefore, of
tissue status. In the second cycle, subjects achieved a lower
plasma AA and took approximately two weeks longer to reach
the AA level that they had achieved in Cycle 1. For example,
subjects in the 59 kg group reached 60.8mmol/L after two
weeks in the first repletion, and took four weeks to reach 59.1
mmol/L in the second repletion (Table 3).

Individual Variability in Response

Fig. 2a shows the responses to the various doses in this
study, for each of the 68 men. An extraordinary variability is
seen in plasma level achieved after one month on 117 mg
vitamin C per day, in each of the two repletion cycles. Plasma
AA ranged from 26.8 to 85.8mmol/L at the end of the first
repletion and from 16.9 to 75.6mmol/L at the end of the second
repletion.

Differences in body weight explain some of this variability
(Figure 2b). At the end of the first repletion, mean plasma AA
in the first and fourth body weight quartiles was 65.8 and 54.2
mmol/L, respectively (p50.0001). Only subjects in the two
lower body weight quartiles appear to be reaching a plateau
after one month on 117 mg/day.

However, a great deal of individual variability in response
to a given dose remains, even within body-weight groups.
Figure 2c shows the variability within a single body-weight
quartile. There was approximately a two-fold range in the
plasma AA value achieved on repletion,within a single-body
weight quartile.For example, in Body Weight Quartile 4, the

Table 3. Predicted Plasma AA (mmol/L) after Repletion with 117 mg/day AA for 1–4 Weeks, Assuming All Start at Same
Depleted Level, by Body Weight1

Plasma AA (mmol/L)
Body Weight in kg (lbs)

59 kg
(130 lbs)

68 kg
(150 lbs)

82 kg
(180 lbs)

91 kg
(200 lbs)

Dose per kg body weight 1.98 1.72 1.43 1.29
Predicted plasma AA during repletion, after a single depletion

Weeks on 117 mg/d
0 11.4 11.4 11.4 11.4
1 26.7 24.4 20.5 17.6
2 60.8 53.4 43.2 36.4
3 68.2 63.6 56.8 52.3
4 66.5 63.6 59.1 56.2

Predicted plasma AA during repletion, after two depletions
Weeks on 117 mg/d

0 11.4 11.4 11.4 11.4
1 29.0 27.3 25.0 23.3
2 44.3 39.8 32.4 27.8
3 55.7 49.3 40.3 34.7
4 59.1 54.0 46.0 40.9

1 Predictions based on coefficients in multiple regression analyses of study subjects.
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value at the end of the first repletion ranged from 34.0 to 70.7
mmol/L, and the area under the repletion curve ranged from
72.8 to 162.0mmol/L.

To explore the effect of such variability on results of studies
with small sample sizes, we drew nine random samples of
seven subjects each, and reexamined our data. These “studies”
of seven subjects produced widely differing conclusions. For
example, in one sample, subjects achieved a plasma AA of at
least 37.5mmol/L after one month on 117 mg/day, while in a
different seven-person sample, subjects achieved a plasma AA
of at least 68.7mmol/L. The standard deviations in these nine
samples ranged from 2.8mmol/L to 17.0 mmol/L (data not
shown).

DISCUSSION

This study represents the largest controlled-diet study of
ascorbate depletion and repletion ever conducted. It is the first
study to examine two full-length cycles of depletion and reple-
tion, the first to include a substantial number of men in their 40s
and 50s and the first to examine the effect of numerous behav-
ioral and psychosocial factors reported by subjects on a daily
basis. As such, it affords the opportunity to examine the role of
a number of factors in influencing the plasma level attained on
a fixed dose of ascorbic acid.

The level of plasma AA reached after one month of deple-
tion is consistent with the results of other investigators
[3,6,8,11,20]. The depletion results confirm those of Kallneret

al. [21], that initial plasma level is the principal factor deter-
mining how far plasma levels will fall on depletion and that
body weight is the only other influential factor.

The extreme variability observed in these data after reple-
tion with an identical, fairly substantial dose (117 mg/day) can
be seen in Figure 2, where levels ranged from 26.8 to 85.8
mmol/L after the first repletion and from 16.9 to 75.6mmol/L
after the second repletion. It is also seen in the large SDs after
each repletion (Table 1), larger still after the second than after
the first. This suggests that one month at 117 mg/day was
insufficient to fill body pools and allow subjects to reach a
plasma plateau. This variability was seen despite the fact that
this was a relatively homogeneous study group: it did not
include women, men in their 20s or over age 60, poor people,
smokers, alcohol consumers or people with common chronic
diseases such as high blood pressure, elevated cholesterol,
diabetes, heart disease or the like.

The variability in plasma level attained on a given dose has
also been observed by other investigators [4,10,21]. Levineet

al. [10] found that the ultimate plasma plateau ranged from
14.9 to 58.8mmol/L on an intake of 60 mg of vitamin C per
day, and from 57.1 to 75.1mmol/L on 200 mg/day, in seven

young men. Unlike the present study, Levineet al. [10] con-
tinued each dose until a plasma plateau was achieved. They
found that the time required to achieve a plateau also varied
among the seven subjects.

The failure of 25% of our subjects to reach plasma levels of
40 mmol/L (the lower level of normal) in the second repletion
of one month on 117 mg/day was unexpected. It suggests that
repeated depletions may lead to an increasing impoverishment
of body pool sizes and a widening gap in plasma AA levels
between persons who have and have not experienced such
repeated depletions. Previous research has not explored the
effect of repeated depletions and the time and dose required to
fully replete subjects.

This study quantifies the effect of body weight on the
plasma level attained on a given dose. It indicates that on
dietary intakes in this range, a heavy subject may attain a
plasma AA level as much as 10mmol/L lower than that of a
light subject after a single depletion and as much as 18mmol/L
lower after a second depletion (Table 3). Others have observed
the association with body weight, most often in the context of
differences between men and women in plasma level
[8,11,13,21–29]. Some authors have suggested a role for ovar-
ian hormones or sex differences in renal absorption to explain
observed gender differences in plasma concentration [30]. Oth-
ers have suggested that gender differences, as well as the
variability in plasma level in a single gender, may be due to
differences in lean body mass or fat free mass [4,11,31,32]. The
present data support the latter explanation: the gender effect,
and variability in attained dose within a gender, may be sub-
stantially related to differences in body weight (a given dose in
a smaller volume producing a higher concentration). In the
present study we examined both total body weight and lean
body mass and found similar results for both, perhaps because
this was a single-gender study with relatively fewer differences
in percent of body fat. Weight isused here because it is more
commonly understood and measured. In addition, the multivariate
analyses suggest that apparent age effects may be attributable to
the weight gain that often accompanies aging, rather than to effects
of agingper se(at least in the age range 30 to 59).

While it is clear from the present study that body weight is
an important determinant of plasma level, and one that influ-
ences both the AA level attained on any given dose and the
time required to reach that level, substantial unexplained
sources of variability remained. Additional sources of variabil-
ity in response may include the presence of several compart-
ments in addition to plasma, varying degrees of tissue binding
in those compartments [21] and genetic differences. A role for
individual variations in emotional stress level [4] is not sup-
ported in the present data, nor are factors such as physical
stress, minor illnesses or physical activity level. However, a
role for such factors also cannot be ruled out; there may have
been insufficient variability in those factors among persons in
this sample, and a larger study and one designed specifically to
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answer such questions would be required. In addition, unmea-
sured environmental exposures could have contributed to dif-
ferences in plasma level; however, we did obtain more infor-
mation on a daily basis than had any previous research,
including daily reports on passive smoke exposure and envi-
ronmental stress, but were unable to identify factors that influ-
enced the resulting blood levels.

In summary, these analyses have shown that the plasma AA
that will be attained depends on several factors: thedaily intake
(compare the 9 mg, 60 mg and 117 mg levels in Table 1),body
weight or dose per kg of body weight(Table 2 and Table 3),
tissue orbody pool status,reflected here in the range of levels
reached on depletion and in the effect of previous depletion
experience (compare AA levels after repletions one and two, in
Table 1),duration of repletion(note incomplete repletion and
absence of a plateau after one month, in Cycle 2 [Fig. 2b]) and
unknown individual factors(Fig. 2a and 2c).

Several of these results may have implications for health
policy and nutrition recommendations, clinical practice and
research design. The role of body weight in partially explaining
attained plasma level might be considered in making public
health recommendations. In national survey data, approxi-
mately one-third of U.S. adults are overweight, and approxi-
mately one-third of men in this age range in the United States
have plasma AA values below 40mmol/L [22], sometimes
considered the lower level of “normal” AA [33,34]. These data
suggest that any recommended intake expressed in mg/day will
result in lower blood AA levels in men than in women and
lower blood AA levels in overweight than in normal-weight
persons. The same would be true for recommendations regard-
ing numbers of servings of fruits and vegetables. The extreme
variability in response to a given dose of AA in repletion (Fig.
2a), over and above that explained by body weight, also sup-
ports the idea that it may be useful to express health-related
recommendations in terms of desirable plasma concentrations,
rather than in terms of milligrams of intake per day. The great
advances in prevention of heart disease are due in part to
campaigns to “know your (serum cholesterol) number” and
guidelines that medical care practitioners can follow to identify
blood levels in the desirable range.

At present there is no consensus on the importance of AA
level in health promotion (although suggestive data exist [2,35–
39]) and insufficient information on which to base health
recommendations expressed in terms of plasma concentrations
(although again, suggestive data exist [2]). However, such
information can be amassed, if epidemiologic researchers,

health surveys and clinicians routinely collect plasma AA data.
In the face of variability in plasma response to intake, a reliance
on dietary intake measures to evaluate nutrient-disease relation-
ships can only lead to inadequate and perhaps incorrect inter-
pretations.

The slower rate of repletion and lower plasma AA levels
attained on the second repletion, after an apparently adequate
first repletion, may also have public health implications. Al-
though both repletions began with subjects at similar plasma
levels, both provided an intake of 117 mg/day and both lasted
for one month, the mean plasma AA was significantly lower on
the second repletion than on the first (p,0.0001), and most
subjects had not yet reached a plateau after one month. There
were large differences between the firstvs.the second repletion
in the percent of subjects in who failed to reach 40mmol/L (7%
vs.25%, respectively) or failed to reach 58mmol/L (1.0 mg/dL)
(37% vs. 75%, respectively). It may be that the first cycle
depleted major body pools, which were not fully repleted after
the first one-month repletion on 117 mg/day. In that case,
repeated depletions which are not fully compensated may result
in increasingly low circulating AA levels. Such repeated de-
pletions may not be uncommon among the poor, among those
with chronic illnesses or among the elderly who are subject to
increasingly frequent illness or hospitalization. Numerous stud-
ies have found that hospitalized persons or those with chronic
diseases have depleted plasma AA values [40–44].

These data also have implications for research design. First,
it would appear that one month is insufficient for plasma levels
to reach a plateau in all subjects, if the dose is in the dietary
ranges, c. 100 to 150 mg/day. Second, studies should match
treatment groups on body weight, stratify randomization within
body weight groups or control for this factor. Finally, the great
variation in both average levels and standard deviations seen
with the random subsets of n57 in this data set, and by others
[21], emphasizes the difficulty in determining an accurate 2SD
“margin of error” in recommendations. In his estimate of ascor-
bate requirements, Kallner [21] noted that, “Because of the low
number of data points, the interindividual variation can hardly
be calculated by correct statistical means and only rough esti-
mations are possible;” his later study on smokers found that “a
larger scattering was observed than in nonsmokers” [45]. Al-
though this might have been due to differences in smoking
habits, as theorized by Kallner, it may also have been due to
variations resulting from small samples. The success of studies
like this one, Blanchardet al. [11], and the DASH study [12]

Fig. 2. 2a. Plasma AA of each of the 68 study participants, over the course of the study.
2b. Mean plasma AA over the course of the study, within quartiles of body weight. Q1 (quartile 1) comprised persons in the lightest body weight
quartile, range 59.3–71.3 kg; Q2, range 72.2–81.4 kg; Q3, range 81.5–90.9 kg; Q4 comprised persons in the heaviest quartile of body weight, range
91.5–100.8 kg. Mean area under the curve was different between the first and fourth body weight quartiles (p,0.0001), first and third (p,0.0001)
and first and second body weight quartiles (p,0.006).
2c. Even within a single quartile of body weight, however, individual variability remains. Plasma AA of the 17 study participants in body weight
quartile 3, over the course of the study.
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demonstrate the possibility of conducting large-scale con-
trolled-diet studies on free-living subjects. While exquisitely-
controlled metabolic-unit studies on very small numbers will
always have an important role in nutrition research, it would
seem that larger samples may be needed to fully appreciate the
complexities of human responses to this and other nutrients.
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